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healed wrist fracture have reduced physical
function and quality of life compared to a
matched, healthy control group with no fracture
Kari Anne Hakestad1*, Lars Nordsletten1,2, Monica Klungland Torstveit4 and May Arna Risberg1,3Abstract
Background: Fractures lead to reduced physical function and quality of life (QOL), but little is known about
postmenopausal women with osteopenia and a healed wrist fracture. The purpose was to evaluate physical
function in terms of quadriceps strength, dynamic balance, physical capacity and QOL in postmenopausal
women with osteopenia and a healed wrist fracture compared to a matched, healthy control group with no
previous fracture.
Methods: Eighteen postmenopausal women with osteopenia (patients) (mean age 59.1 years, range 54 – 65) and
a healed wrist fracture were matched to 18 healthy control subjects on age (mean age 58.5 years, range 51 – 65),
height, weight and body mass index (BMI). We measured quadriceps strength at 60°/sec and at 180°/sec with
Biodex 6000, dynamic balance with the Four Square Step Test (FSST), physical capacity with the six-minute walk
test (6MWT) followed by the Borg’s scale (BS), and QOL with the Short Form 36 (SF-36), bone mineral density (BMD)
with dual x-ray absorptiometry (DXA) and physical activity level with the Physical Activity Scale for the Elderly.
Results: The patients had 17.6% lower quadriceps strength at 60°/sec (p = 0.025) at left limb and 18.5% at 180°/sec
(p = 0.016) at right limb, and 21% lower at 180°/sec (p = 0.010) at left limb compared to the controls. Impaired
performance for the patients was found with 2.4 seconds (p = 0.002) on the FSST, 74 metres (p < 0.001) on the 6MWT,
and 1.4 points (p = 0.003) on the BS compared to the controls. The patients scored lower on the sub-scales on the
SF-36 role limitations-physical (p = 0.014), bodily pain (p = 0.025) and vitality (p = 0.015) compared to the controls.
Conclusions: The patients with osteopenia and a healed wrist fracture scored significantly lower on quadriceps
strength, dynamic balance, physical capacity and QOL compared to the matched controls. Greater focus should be
put on this patient group in terms of rehabilitation and early prevention of subsequent fractures.
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Fractures in the elderly lead to reduced physical function
and quality of life (QOL), as well as increased mortality
and higher healthcare costs [1-3]. As a consequence of the
increasing number of elderly people in the population and
of the gradual reduction of bone mineral density (BMD),* Correspondence: k.a.hakestad@medisin.uio.no
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unless otherwise stated.muscle mass and muscle strength and the loss of hormone
production, the number of osteoporotic fractures will
increase in the years to come [4]. This may therefore
become a major public health problem [5].
Elderly patients have an increased tendency to fall due
to reduced muscular strength and impaired balance [6].
Most fractures result from a fall [7]. In one year, approxi-
mately 35-40% of those over 65 years of age fall at least
once, and about half of these fall twice or more [8]. It has
also been proven that a previous wrist fracture is a risk
factor for future hip or vertebral fractures with a relativeal Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
iginal work is properly credited. The Creative Commons Public Domain
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among those who already have sustained a fracture,
50% will experience a new fracture within a ten-year
period [10].
Several studies have found reduced muscle strength,
impaired balance, reduced physical capacity, increased
fear of falling (FOF) and reduced QOL among patients
with low BMD (osteopenia or osteoporosis) [3,11-16].
However, the majority of the existing studies have in-
cluded women with hip or vertebral fractures [3,11-16].
Since a hip or vertebral fracture may directly influence the
above functions, a wrist fracture could be a good model to
evaluate the effect of the disease behind the fracture. Some
studies investigating women with osteopenia and a healed
wrist fracture have reported functional impairment and
lower QOL compared to a healthy control group [17,18].
In contrast, other studies have not found any differences
between corresponding groups [19,20].
The aim of the present study was therefore to evaluate
physical function in terms of quadriceps strength, dynamic
balance, physical capacity, physical activity level and QOL
in postmenopausal women with osteopenia and a healed
wrist fracture compared to a matched, healthy control
group with no previous fracture.Methods
Design
A cross-sectional study with a matched control group was
conducted in the period 2007–2010.Matching procedure
The matching procedure was as follows: we recruited
the healthy controls from the local area by healthcare
professionals and through patients’ friends. They were
matched on age (±5 years), height, weight and body mass
index (BMI) among the 80 included subjects in the on-
going randomized, controlled, single-blinded study (RCT)
(reference number www.clinicaltrials.gov NCT01357278)
carried out at Oslo University Hospital, Norway who
were most similar to the controls on the selected cri-
teria. In total 36 patients in the RCT matched the 18
selected controls. To have a 1:1 relationship we divided
the 36 into 18 pairs, and the demographic characteris-
tics of both members of the pair were then averaged to
derive a single value for the pair to which controls
were then matched.
The main aim of the RCT was to evaluate the effect of
an active rehabilitation programme using weight vests
on risk factors for falling (quadriceps strength, balance)
and quality of life in women with osteopenia and a
healed wrist fracture. The intervention consisted of a
six-month active rehabilitation programme with a one-year
follow-up (Figure 1).Patients
The inclusion and exclusion criteria were similar to those
used in the RCT. Thirty-six postmenopausal women
above 50 years of age with a wrist fracture no older than
two years, healed at inclusion (no plaster cast), with osteo-
penia (t-score < 1.5) [1] and domiciled in the Oslo region
were recruited at baseline from the on-going RCT. The
patients were excluded if they had a previous hip or verte-
bral fracture, a history of more than three osteoporotic
fractures in different parts of the body, problems/illness
indicating that active rehabilitation was not suitable, were
physically active (moderate/hard intensity) more than four
hours per week, or were unable to understand written and
spoken Norwegian.
Control group
Eighteen healthy postmenopausal women above 50 years
of age were recruited from the local area by colleagues
and through patients’ friends. The controls were excluded
if they had previous fractures, were diagnosed with osteo-
porosis, were physically active (moderate/hard intensity)
for more than four hours per week, or were unable to
understand written and spoken Norwegian.
Ethical approval was obtained from the Regional
Committee for Medical Research Ethics for South-Eastern
Norway. All participants who met the inclusion criteria
received oral and written information about the study, and
signed informed consent. The data collection was carried
out in accordance with the Declaration of Helsinki. The
study has adhered to the STROBE guidelines.
Measurements
Isokinetic quadriceps strength was the main outcome and
was examined with a Biodex 6000 isokinetic dynamometer
(Biodex 3 System Pro, USA). Peak torque in Newton
metres (Nm) at 60° and total work in Joule (J) at 180° per
second were measured. Our research group has found
isokinetic muscle strength test to have high inter- and
intrarater reliability (ICC 0.88-0.95) in postmenopausal
women with osteopenia [21].
Dynamic balance was evaluated with the Four Square
Step Test (FSST) [22]. Two FSSTs were completed using
the best score of the two trials. The FSST has shown
high reliability (ICC = 0.99), and validity with a sensitivity
of 85% and a specificity of 88% to 100% [22].
Physical capacity was examined with the six-minute
walk test (6MWT) [23]. The 6MWT has been validated
for measuring the functional capacity of elderly people
[23]. Immediately following the 6MWT, the participants
were asked how exhausting they experienced the 6MWT
using Borg’s scale (BS) ranging from 6–20, where 6 indi-
cates “very easy” and 20 indicates “very exhausting” [24].
QOL was measured by means of the Short Form 36
(SF-36) [25]. The SF-36 is divided into eight sub-scales
Assessed for eligibility 
Patients (n=80)
Controls (n=23)
Matched on age, height, weight and 
body mass index.
Patients with osteopenia and a former 
wrist fracture (n=36)
Thirty-six patients were divided into 18 
pairs (n=18)
Healthy, matched controls (n=18)
Outcome measurements:
Isokinetic quadriceps muscle strength
Dynamic balance (FSST)
Physical capacity (6MWT)
Borg’s scale (BS)
Physical activity level (PASE)
Health-related quality of life (SF-36)
Anthropometric data and BMD (DXA)
Analysis – Matched pairs (n=36)
Figure 1 Flow-chart of the inclusion of the subjects.
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general health, vitality, social function, role limitations-
emotional and mental health). The instrument is scored
to a 0–100 scale for each sub-scale, the higher the score,
the better the health status [25]. The SF-36 is shown to
have high reliability and validity [26].
BMD was measured by means of dual x-ray absorpti-
ometry (DXA, GE Lunar scan Prodigy, enCORE version
11.2). The method is exact and reliable [1,27], and the
scanned areas were hip, femur neck and trochanter,
lumbar spine and total body. Anthropometric data such
as height and weight were measured by means of weight-
and height scales and absolute and percentage fat, plus
fat-free mass were measured with DXA.
Physical activity level was registered with the self-
reported level of Physical Activity Scale for the Elderly
(PASE) [28]. We used the modified Norwegian version
[29]. The score range from 0–315, where higher scores
reflect a higher activity level [29].
The measurements were conducted at two visits. At
the first visit the anthropometric data and BMD were
registered by using DXA for meeting the inclusion criteria.
If the criteria were met, the participants first filled in ques-
tionnaires regarding socio-economic factors, PASE and
SF-36. They then performed the FSST and the 6MWT
followed by the BS. Quadriceps strength was examined at
the second visit.Data analysis
The sample size was based on the formula for case–
control studies with continuous variables [30]. The
main outcome measurement was isokinetic quadriceps
strength peak torque values at 60°/sec in Nm with a
mean of 151.4 (±28.7) for subjects with no fracture and
a mean of 126.4 (±42.3) Nm for patients with osteopenia
and a healed wrist fracture (unpublished observations by
Hakestad, Kari Anne; Risberg, May Arna). With a statistical
significance of p < 0.05 and a power of 90%, 17 subjects
were needed for inclusion in each group. We took the
option of taking a 2:1 ratio (2 cases: 1 control) between
cases and controls to increase the power of the study.
The analyses were carried out with the SPSS version
19.0. The paired samples Student’s t-test was used to
evaluate differences between the groups for normally
distributed data. The results are presented as mean,
mean difference, and 95% confidence interval (CI) and
p-values.
Results
There were no significant differences between the patients
and the matched, healthy controls with regard to age,
height, weight, BMI, age of menopause, years since post-
menopause, hand dominance, body fat, lean mass, PASE
and education. An additional table file shows this in more
detail (see Additional file 1). The mean years since the
Table 2 Dynamic balance, Six-minute walk test, and Borg
scale in patients with osteopenia and a healed wrist
fracture (n = 18) and matched controls (n = 18)
Mean Difference P Value
Patients Controls (95% CI)
FSST (sec) 9.4 7.0 2.4 (1.0 to 3.7) 0.002
6 MWT (m) 615.7 690.0 −74.3 (−105.4 to −43.0) <0.001
Borg scale 10.2 8.8 1.4 (0.5 to 2.3) 0.003
Data are presented as mean, CI Confidence Interval.
FSST Four Square Step Test, 6MWT Six-minute walk test.
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(0.6). Ten of the patients had the fracture in the right
hand, eight in the left hand (see Additional file 1).
The patients had 16% lower BMD in the lumbar spine
(p < 0.001), 15% lower BMD in the total hip (p < 0.001),
14.5% lower BMD in the femur neck (p < 0.001) and
18% lower BMD in the femur trochanter (p < 0.001)
compared to the controls (see Additional file 1).
The patients had 17.6% lower quadriceps strength at
60°/sec (p = 0.025) at left limb (Table 1), but no significant
difference was obtained in the right limb (Table 1), and at
180°/sec the right and left limb were 18.5% (p = 0.016) and
21% (p = 0.010) lower respectively compared to the con-
trols (Table 1).
For the dynamic balance, the patients had impaired
performance of 2.4 seconds (p = 0.002) compared to the
controls (Table 2). The walking distance during the
6MWT was 74 metres (p < 0.001) shorter for the patients
compared to the controls (Table 2). Furthermore, the pa-
tients reported 1.4 points (p = 0.003) higher exhaustion
levels on BS after completing the 6MWT compared to the
controls (Table 2).
QOL was lower among the patients compared to the
controls in the sub-scales role limitations-physical (10.2
points; p = 0.014), bodily pain (11.9 points; p = 0.025)
and vitality (16.9 points; p = 0.015) respectively (Table 3).
Discussion
We found significantly lower quadriceps strength in
women with osteopenia and a healed wrist fracture
compared to healthy, matched controls. Furthermore,
the patients had impaired physical performance measured
as dynamic balance (FSST), walking distance (6MWT)
and exhaustion level (BS), as well as in three dimensions
of QOL (SF-36) compared to the controls.
Studies have investigated the quadriceps strength in
women with hip or vertebral fractures and have found
that quadriceps strength was 18% lower compared to a
control group or the non-fractured limb [13,14]. To our
knowledge, no studies have examined the quadriceps
strength in postmenopausal women with osteopenia and
a healed wrist fracture compared to a matched, healthy
control group. When comparing the data from the above
studies [13,14], we found similar results for patients withTable 1 Quadriceps strength in patients with osteopenia and a h
Patients Con
Right peak torque 60° (Nm) 102.4 11
Left peak torque 60° (Nm) 96.4 11
Right total work 180° (J) 1276.8 153
Left total work 180° (J) 1194.8 148
Data are presented as mean, CI Confidence Interval, Nm Newton metres, J Joule.a wrist fracture with 18-21% differences in quadriceps
strength between our patients and controls indicating a
clinically important difference. This was confirmed by
our research group Eitzen et al. [21] who found that a
minimal clinically important difference (MCID) in knee
extension was suggested to be between 15% and 20%.
Furthermore, it may not be surprising that our patients
had between 18-21% lower quadriceps strength than the
controls. Along with age, weight and estrogen levels, low
muscle strength have been shown to be one of the most
important factors influencing BMD [31]. A recent system-
atic review found that there was a correlation between low
BMD in the hip region and poor muscle strength in the
lower limb [32]. One of the reasons could be the site-
specific effect that is generated by muscle contraction on
bone remodelling [33]. Genetic factors may also play a
major role [31]. It has been shown that there are compo-
nents of BMD and muscle strength which are significantly
controlled by genes [31]. The lower quadriceps strength
among the patients compared to the controls may explain
the impaired dynamic balance among our patients. Earlier
studies have shown that weak balance is associated with
reduced quadriceps strength [34]. Stiffness of the joints
can increase the risk of falls due to changed propriocep-
tion and reduced muscle strength [34,35], and a correl-
ation between poor muscle strength in both the upper
and lower extremities has been reported [34].
Our patients spent significantly more time performing
the FSST than the controls. This is in accordance with a
study conducted by Ringsberg et al. [19] who found
impaired dynamic balance in women with previous wrist
fracture compared to a non-fracture control group. Theyealed wrist fracture (n = 18) and matched controls (n = 18)
Mean difference P Value
trols (95% CI)
3.2 −10.8 (−26.9 to 5.4) 0.178
5.0 −18.6 (−34.6 to −2.6) 0.025
6.7 −259.9 (−464.9 to −54.9) 0.016
0.4 −285.6 (−492.7 to −78.5) 0.010
Table 3 Subscales of the SF-36 in patients with osteopenia and a healed wrist fracture (n = 18) and matched controls
(n = 18)
Mean difference P value
Patients Controls (95% CI)
Physical functioning 90.0 95.3 −5.3 (−10.7 to 0.1) 0.056
Role limitations-physical 86.6 96.8 −10.2 (−18.1 to −2.3) 0.014
Bodily pain 76.5 88.4 −11.9 (−22.2 to −1.6) 0.025
General health perceptions 77.0 79.7 −2.7 (−12.9 to 7.6) 0.596
Vitality 58.1 75.0 −16.9 (−29.9 to −3.7) 0.015
Social functioning 89.9 96.5 −6.6 (−14.6 to 1.4) 0.100
Role limitations-emotional 91.4 97.7 −6.3 (−12.6 to 0.7) 0.053
Mental health 86.4 88.9 −2.5 (−9.9 to 4.8) 0.483
Data are presented as mean, CI Confidence Interval.
SF-36 Short Form 36.
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sion of fear of falling (FOF) [19]. Approximately 25-60%
of the elderly population experience FOF [36], which
can lead to reduced self-esteem, both mentally and
physically [36]. Moreover, FOF can also lead to physical
inactivity, which can result in muscle weakness, falls
and subsequent fractures [36].
Our patients had 74 metres shorter 6MWT compared
to the controls. To our knowledge, no studies have re-
ported MCID in the 6MWT in patients with low BMD.
However, Perera et al. [37] reported that 50 metres is
considered to be an MCID in the 6MWT in the elderly.
Hicks et al. [38] concluded that a decline in muscle
strength is considered an important factor for the walk-
ing speed. Furthermore, the patients experienced signifi-
cantly more exhaustion on BS when performing the
6MWT compared to controls. This could indicate that
the patients really performed up towards their maximum
and that the controls could potentially have walked even
faster.
Nordvall et al. [18] examined the QOL in postmeno-
pausal women with low BMD and wrist fracture com-
pared to a healthy control group and found significant
differences for the physical role and bodily pain dimen-
sions of the SF-36. Hallberg et al. [11] reported that
QOL using the SF-36 was reduced in the first six
months after a wrist fracture among postmenopausal
women, and was not normalized until two years after
the fracture had occurred. Our patients scored signifi-
cantly lower for the dimensions of physical role with
10.2 points, bodily pain with 11.9 points and vitality
with 16.9 points compared to the controls. As far as we
know, no MCID for SF-36 has been reported for
women with low BMD, but Hays et al. [39] have reported
that an improvement of 3 to 5 points should be consid-
ered clinically relevant. Another study has reported that
patients with wrist fracture had experienced pain and
decreased physical function during the first weeks afterthe fracture, and patients who had sustained a wrist
fracture had lower QOL, specifically for the dimensions
of physical function and role-physical in SF-36 [40].
Furthermore, a negative correlation between osteopor-
otic fractures and QOL has been reported [11]. Even
though patients with a healed wrist fracture seem to
have the same level of QOL as they had prior to the
fracture after two years [3], it is important to start early
prevention of risk factors for falling because of the
knowledge of the increased risk of future fractures [9].
Strengths and limitations
Our study has some limitations. Firstly, the cross-sectional
study design cannot identify causal relationships between
the disease and the exposure [41]. To answer the research
question better, the most appropriate design for studies
where the aim is prospective is to use a cohort design
(descriptive) for monitoring the natural history of a
disease or injury or for evaluating a treatment [41].
Secondly, the power calculation was only based on the
main outcome measure quadriceps strength, resulting
in lack of statistical power for some of the other
outcome measures. Thirdly, the controls were not
randomly selected which may have resulted in selec-
tion bias. In addition, we were unable to adjust our
finding by BMD and other covariates due to sample size
constraints [42].
One of the major strengths of our study is being one
of the first including a matched control group who had
not sustained fractures, which enabled us to evaluate
functional decline and QOL due to wrist fracture ver-
sus changes due to aging. Knowledge of physical func-
tion and QOL among postmenopausal women with
osteopenia and a healed wrist fracture may help health-
care professionals to evaluate and develop rehabilita-
tion programmes aimed at improving significant risk
factors for falls, such as quadriceps strength and dynamic
balance.
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Quadriceps strength, dynamic balance, physical capacity
and QOL were significantly lower in postmenopausal
women with osteopenia and a healed wrist fracture com-
pared to a matched, healthy control group. Interventions
to reduce fracture risk among patients with wrist fracture
should be started as soon as possible to prevent subse-
quent fractures with their associated morbidity and in-
creased mortality risk.
Additional file
Additional file 1: Characteristics of patients with osteopenia and a
healed wrist fracture (n = 18) and matched controls (n = 18).
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